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Introduction
Informal care is crucial for long-term home care. As a result of the care demands of the care recipient, this can be defined as a quasi-market composite commodity consisting of heterogeneous parts produced (paid or unpaid) by one or more members of the social environment of the care recipient (Van den Berg et al., 2004) . A major part of long-term home care is informally provided by family or friends of the care recipient. This also seems to hold true if care recipients receive a cash benefit, also denoted as a personal care budget, to purchase long-term home care including informal care (Van den Berg and Hassink, 2008) .
Therefore, informal caregivers sometimes receive payment for (part of) the care they provide, as being paid is included in the definition of informal care.
In the medical and social sciences literature, caregivers have reported negative effects on their physical and mental health, finances, social life and leisure as well as labor market participation (Pearlin et al., 1990; Kramer, 1997; Hughes et al., 1999; Schulz and Beach, 1999; Dunn and Strain, 2001; Savage and Bailey, 2004; Hirst, 2005; and Yamazaki et al., 2005) ). Providing informal care might involve extra expenditures (Van den Berg et al., 2004) and informal caregivers with paid jobs may possibly have lower wages compared with similar non-caregivers (Heitmueller and Inglis, 2007) or work less hours or are less likely to participate on the labour market (Ettner, 1996; Heitmueller, 2007) . Another potential (and substantial) source of caregivers' opportunity costs are possible health losses for the informal caregivers due to caregiving (Schulz & Beach, 1999) . Although caregiving can impose a considerable burden on caregivers, they also report satisfaction with providing care, see e.g. Jacobi et al. (2003) , Andrén and Elmståhl (2005) and Zapart et al. (2006) . Obviously, availability of professional care might influence the effects reported. Using instrumental variables, Van Houtven and Norton (2004) and Bolin et al. (2007) focus on the substitution between informal care and professional care utilization.
A potential drawback of the literature described is that it is mainly based on survey data. Typically, in surveys a few questions retrospectively ask how much time people spend on providing informal care during e.g. the previous week. Time use diaries might provide more valid estimations of time spent on informal caregiving compared with survey data (Van den Berg and Spauwen, 2006) . On top of that, diaries provide more detailed information about patterns of (informal caregivers) time use throughout the day. However, collecting diary information is costly and puts a burden on respondents, which might be a serious drawback in caregiving research as caregivers already experience the burden of providing informal care.
This might be an explanation of the lack of detailed information about patterns of providing informal care throughout the day or between days in the available literature. To the best of our knowledge, there is no empirical evidence of variation in caregivers' patterns of time use throughout the day, for instance, associated with paid work or biological activities such as sleeping.
This paper extends to the previous literature by describing patterns of informal care throughout the day. Despite the ample evidence that informal care and paid work are substitutes (Ettner, 1996; Carmichael and Charles, 1998 and Heitmueller, 2007) , there is no specific information about shifts of time spent on informal care during the day which can be associated with changes in specific patterns of paid work. Average informal care may be different between both groups, as opportunity costs of providing informal care might be higher for caregivers with paid work (Ettner, 1996; Heitmueller, 2007) . While these studies compared the daily levels of informal care, we consider the fluctuations of informal care throughout the day. These fluctuations are driven by daily rhythms of care -for instance at mealtimes and when going to bed -which need to be provided at particular times of the day.
These time-bound care tasks are related to the type of care instead of the intensity of care.
In this paper, we distinguish between shiftable and non-shiftable types of informal care. Some caregiving responsibilities may be shiftable over the day or even between days, while other tasks might be non-shiftable by nature if it is necessary to be provided at specific moments of the day. In economic terms, in addition to the opportunity costs due to the number of care hours, there may be opportunity costs that originate from non-shiftable tasks.
These time-bound opportunity costs have two implications. First, the trade-off between informal care and (hours of) paid work depends on the type of informal care, which is not necessarily related to the number of hours of care. Second, the supply of professional home care including support programs for informal caregivers should not only relate to the amount of informal care provided but also to the nature of the informal care provided. Professional home care could have a positive external effect in terms of labour market participation of informal caregivers if it substitutes the non-shiftable types of informal care. The supply of respite care-programs could be tailored to the care tasks provided. To avoid non-participation in respite care-programs due to the non-shiftable nature of specific care tasks, it is even more important to acknowledge the difference between shiftable and non-shiftable informal care tasks.
Timing of informal care
Various types of informal care can be distinguished, which includes household activities, instrumental activities of daily living, activities of daily living, surveillance and in some countries even medical related tasks (McDaid, 2001; Wimo et al., 2002; Riewpaiboon et al., 2009 ). In order to come up with an aggregated measure of informal care, it is quite common in empirical applications to add up the number of hours of various tasks of informal care that are provided. However, it might mask the mentioned heterogeneity of informal care provision throughout the day. Some activities need to be given at specific moments of the day on a daily base, e.g. in the morning, afternoon, and evening. This seems to be especially true for getting ready or dressing. Other activities could easily be skipped or spread out through the day or week, for instance household activities such as cleaning the house, shopping or organizational tasks such as administration.
From an economic perspective, the actual hours of care depend on the care needed by the care recipient and the opportunity costs incurred by the (potential) caregiver(s) (Van den Berg et al., 2005) . The terms care need and demand are used interchangeable throughout this paper acknowledging the differences between both concepts in the health economics literature. Need is a proxy for the potential to benefit from health care utilization whereas demand relates to preferences and ability to pay (Hurley, 2000) . Care need is usually measured along multiple dimensions (e.g. physical and mental health etc.). An important source of informal caregivers' opportunity costs is the monetary value of forgone time as a result of the care provided to the care recipient, often measured using a variable indicating the aggregate number of hours of informal care provided (Van den Berg et al., 2006) . Another potential (and substantial) source of caregivers' opportunity costs is possible health loss for the informal caregivers due to caregiving (Schulz & Beach, 1999) .
We will introduce a new source of opportunity costs that is hitherto overlooked in the literature. This extra source of opportunity costs might arise if specific care tasks are not shiftable. As mentioned before, for specific types of care need, there may be unshiftable tasks.
Hence, it is likely that, to a certain extent, personal care may be related to specific moments of the day so that they are unshiftable. In sum, this new source of opportunity costs is relevant as long as informal care is not perfectly shiftable over the day or between days.
On some occasions, the caregiver may reduce opportunity costs in terms of forgone time by combining informal care with other activities. One of the specific features of informal care is that it can be provided simultaneously with other non-market activities: so-called joint production (Juster & Stafford, 1991) . Obviously, certain types of tasks are more easily combined compared to others. For instance, a caregiver can easily shop for the care recipient and his/her own household at the same time. In contrast, it seems much harder to combine informal care and paid work in general because in most employment relationships employees have to show up at the work floor. On some occasions they could provide informal care during paid work time (such as arranging appointments with health care providers), but these kinds of tasks are just exceptions to the rule. A crucial implication of having to show up at the work floor is that an employed caregiver might shift provision of informal care to the period in which she has no paid work obligations. In general terms: as long as informal care is perfectly shiftable over the day or between days joint production might partly reduce opportunity costs of informal care.
To calculate the opportunity costs of informal care in terms of time forgone, most studies start with a one-dimensional time measure, which is the number of hours spent on informal care (Carmichael & Charles, 2003) or a dichotomous measure of informal care, for instance more or less than 20 hours per week (Heitmueller, 2007) . In formal terminology, the caregiver's labour supply is modelled as follows:
where H is the number of hours of paid work; C is the number of hours of informal care; X is a vector of control variables, which for instance includes wages; and u is an error term, which contains all the variables which are not captured by C and X. As long as there is no correlation between u and both C and X, Ordinary Least Squares (OLS) provides consistent estimates of the coefficients 1 β and 2 β . In econometric terms, this error term correlates with neither C nor X. In epidemiologic terminology, in the linear regression model, the variables in u are not confounding variables because they correlate only with H and not with C or X.
A major issue in the literature of health economics is that a causal effect of C on H is crucial for developing health policy, but C cannot be treated as exogenous in equation (1).
Ideally we would like to exploit a natural experiment, but obviously one cannot easily experiment with randomly attributing people to intervention and control groups in order to measure the impact of C on H. A consequence of an endogenous C is that the error term u also includes factors associated with the caregiver's opportunity costs that jointly affect the caregiver's decisions about C and H. Consequently, OLS does not yield a causal effect from C on H. Therefore, to solve this problem, economists propose to instrument the endogenous C by so-called instrumental variables. A valid instrumental variable must meet two criteria.
First, an instrumental variable needs to be relevant, so that it is strongly correlated with C.
Second, an instrumental variable needs to be exogenous, so that it is uncorrelated with u.
A few studies have used the care recipient's care need as an instrumental variable (Ettner, 1997; Bolin et al., 2008; Heitmueller, 2007) . Their main argument is that care need obviously is correlated with hours of provided informal care, but that it not directly correlates with labour supply. Obviously, care need is measured in various ways. In the case of parental caregiving, both Ettner (1997) and Bolin et al. (2008) use a standard self-assessed health measure with five answering categories. In both papers, the children assessed their parent's health by using this scale. Heitmueller (2007) does not restrict his analysis to parental caregiving and uses a measure of care need focussing on work limitations due to health issues.
In addition, some studies applied instrumental variables that are related to the composition of the household. Ettner (1997) Consistent with equation (1), all studies mentioned considered the number of hours of caregiving to measure the intensity of informal care. We argue that a second dimension of time should be incorporated. This dimension should also include the necessity to provide informal care on a daily basis or at specific moments in the day. In the latter case, caregivers incur additional opportunity costs as result of the timing of informal care. Thus, the labour supply equation becomes:
Where CT is a measure of the intensity of time-bound informal care, which results from tasks that are unshiftable throughout the day. Hence, CT reflects the necessity to time informal care. The parameter 3 β has a negative sign, since paid work will be lower for larger opportunity costs of bound time-bound informal care. v is an error term. So far, studies have not controlled for measures of CT in the labour supply equation, so that CT will be part of the error term u in equation (1). If the omitted CT is positively correlated with C, it can be shown that for equation (1) the OLS-estimator is inconsistent and that it renders an overestimate of the true parameter 1 β .
We will investigate the importance of the intensity of time-bound informal care on the number of hours of work in equation (2). Consequently, it is informative whether the error term u in equation (1) If CT is part of the error term u in equation (1), we may reconsider the validity of the two criteria with respect to the instrumental variable care need in equation (1). First, care need is strongly correlated with number of hours of informal care, C. This still may be true, for all three of our categories of informal care. Second, it is assumed that care need is uncorrelated with u and hence it must be uncorrelated with CT. This is not true for all categories of informal care. In particular, time bound opportunity costs are large for unshiftable tasks, such as personal care. On many occasions, unshiftable tasks may be related to care recipients with a higher care need.
Hence, as long as informal care only consists of shiftable tasks, there is nothing wrong with using the care recipient's care need as an instrument for the number of hours of informal care. On the other hand, if informal care also includes unshiftable routines, such as personal care, the instrumental variable may be invalid, since it may be correlated with the error term of equation (1). In other words, if there are time-bound opportunity costs of informal care, instrumental variables methods that are based on the care recipient's need of care will deliver biased parameter estimates of the effect of C on H.
Data
The data were collected in April of 2002. We inquired 568 persons from the population of caregivers who participated in earlier research and who had indicated that they were willing to participate in future research. we used information on three different types of informal care, which will be discussed below in further detail.
<Table 1 about here>
The respondents reported their use of time for 21 different calendar days. 69 respondents (138 days) had a paid job. They had paid work obligations on 78 days (7,478 quarters of an hour), while on the remaining 60 days (5,750 quarters of an hour) there were no activities of paid work at all. For caregivers without a paid job, the activities were registered on 260 days (25,005 quarters of an hour). The three types of informal care may reflect different time-bound opportunity costs.
Some of the care tasks may be shiftable throughout the day, whereas other tasks need to be done on a daily base at specific moments of the day. This seems to be especially true for personal care. The household activities could be easily be skipped or spread out through the day or the week. The organization of daily living does not seem to be day specific. Informal caregivers with and without a paid job provided similar amounts of informal care, while only caregivers without a paid job spent more time on doing more organizational tasks.
<Table 2 about here>

Method
We will describe the estimation method that is used to determine the patterns of use of time throughout the day. Since we wanted to correct the patterns of activity for calendar day we applied a regression model. No caregiver-specific control variables (e.g. age and gender of the caregiver) are needed when assuming strict exogeneity and independence between the explanatory variables and the individual-specific error term (Wooldridge, 2002) .
For each of the four activities (sleep, leisure, informal care, and paid work) the empirical model is 
Results
Differences between the activities
We take the development of informal care, household activities, leisure, and paid work during the day into consideration. See Figure 1 , which reads as the percentage points difference of the use of time relative to 0:00 a.m. -0:15 a.m. E.g., the probability of care at 8:00 a.m. is about 20 percentage points higher compared to the reference period. Figure 1 indicates that informal care is of equal importance between 9:00 a.m. and 9:00 p.m.; for household activities there is a mode at 12:00 p.m. and 6:00 p.m.; leisure peaks in the evening, while paid work is done relatively more in the morning.
Composition of informal care
Are there any differences in terms of number of hours of informal care, for which we distinguish personal care, organizational activities, and household activities? We consider differences between caregivers who have no paid work at all and the counterfactual group of employed caregivers at days on which they do not have paid work activities. Any difference implies that it may be necessary to further distinguish informal care to the different activities of informal care in equation (1). Table 2 shows that the level of informal care is higher for the caregivers without a paid job (39.4 percent) than for the employed caregivers (20.3 percent at days of paid work; 28.6 percent at days without paid work activities). However, when we consider the three activities of informal care, the patterns become different. The amount of time spent is only slightly lower for household activities (10.0 versus 11.3 percent) and personal care (9.5 versus 12.6 percent); both differences are statistically significant at the 1-percent level. On the other hand, for informal care for organizational purposes, the differences are substantially higher for caregivers without a paid job (25.8 versus 16.5 percent, which is statistically different). We conclude it may be important to further distinguish informal care with respect to the organizational activities in equation (1).
<Table 3 and Figure 2 about here>
Simultaneity of informal care
Are there any differences in terms of simultaneity between informal care and other activities?
Possible differences would imply that the employed caregivers could reduce their opportunity costs by having more simultaneous activities. Table 3 considers the simultaneity between informal care and other activities. Apparently, there is no simultaneity with paid work.
Furthermore, unemployed caregivers are more likely to have simultaneous activities (24.5 percent), while employed caregivers have a higher simultaneity (14.6 percent) on days they do not work. This is because a paid job is less easy to combine with other activities. For all activities, simultaneity is higher for unemployed caregivers. There is even simultaneity with biological activities (5.9 percent versus 2.6 percent) likely because biological activities include personal care but also because providing informal care might include supervising the care recipient.
The terms in brackets show the correlation between informal care and the other activities. There are negative associations with paid work (-0.12), biological activities (-0.38), and leisure (-0.06), whereas for household activities the correlation is positive (0.21). All of the correlation coefficients are statistically different from zero at the 1-percent level. There are two explanations for the simultaneity of household activities and informal care. First, the caregiver is able to reduce the opportunity costs of informal care by timing household activities with informal care. Second, caregivers may have little choice but to combine activities. Perhaps caregiving includes a leisure activity, which in other circumstances might not be preferred by the caregiver; or perhaps caregivers have to combine activities because there are only so many hours available to fit in all the tasks that have to be tackled. Those who must be in constant attendance, for example, might watch television alongside the care recipient and do their own ironing at the same time. Yet, they may feel completely constrained by their caring role.
<Figures 3 -5 about here>
Patterns of informal care
What are the differences in terms of the daily patterns of informal care? If there are any differences, then the timing of care has an effect on a number of hours in equation (2). We consider the patterns of informal care throughout the day for the different types of informal care (Figures 3 -5 ). In particular, we are interested in whether there are differences in the fluctuations of informal care throughout the day between caregivers without paid work and the counterfactual observations.
The first type of informal care is care in terms of household activities. Figure 3 shows two modes for the unemployed caregivers. The first peak is in the morning between 9:00 a.m. providing personal care from caregivers without any paid work during the day. Four peaks are observable for this group, which are at 9:00 a.m., 1:00 p.m., 6:00 p.m., and a small peak at 11:00 p.m.; the first and third peak (9:00 a.m., 6:00 p.m.) are of about equal size. At these moments, the probability of personal care is about 30 percentage points higher (relative to 0:00 a.m. -0:15 a.m.). In contrast, for the employed caregivers on a day off, there are no peaks observable between 8:00 a.m. and 10:00 p.m. It implies that for these caregivers, we cannot observe any specific rhythm of personal care during the day. On the days of paid work, there is a relatively small peak at 9:00 a.m. and larger peak at 7:00 p.m.
Overall, the Figures 3 and 4 imply that for household activities and for organization, there are no specific differences in patterns of informal care between caregivers without paid work and the counterfactual observations. Hence, there seem to be no additional opportunity costs of timing informal care. Both types of informal care are shiftable throughout the day for the employed caregivers. On the other hand, to a larger extent, personal care seems to be unshiftable throughout the day ( Figure 5 ). For this activity the pattern throughout the day is substantially different between caregivers without paid work and the counterfactual observations. It implies that there are time-bound opportunity costs involved in the timing of personal care. In terms of equation (2), CT influences H when it pertains to personal care.
Conclusion and discussion
We extend the literature on informal caregiving by considering differences between specific activities of informal care as well as differences between fluctuations of informal care across the day. Our conclusion is threefold.
First, we observed whether informal caregivers were able to reduce opportunity costs by joint production, combining informal care with other activities. Informal care involves a substantial degree of simultaneity with household activities, while it seems to be impossible to combine it with paid work. This latter result seems to underscore the importance of the counterfactual that we applied; the activities on the days employed caregivers had no obligations of paid work. We identified a novel source of opportunity costs -time bound opportunity costs -that pertain to the possibility to shift tasks of informal care. Some tasks are relatively unshiftable, while other tasks can be performed at other moments of the day. In particular, household and organization seem to be shiftable for employed caregivers, while personal care seems to be unshiftable. It implies that there is an additional source of opportunity costs for providing personal care. Correlation between the dummies of informal care and each activity is given in square brackets. All of the correlation coefficients are statistically different from zero at the 1-percent level.
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